In the present work, we show that intracellular Trypanosoma cruzi is rarely found in the livers of acutely infected mice, but inflammation is commonly observed. The presence of numerous intrahepatic amastigotes in infected gamma interferon (IFN-␥)-deficient mice corroborates the notion that the liver is protected by an efficient local immunity. The contribution of different cell populations was suggested by data showing that CD4-and CD8-deficient mice were able to restrain liver parasite growth. Therefore, we have characterized the liver-infiltrating lymphocytes and determined the sources of IFN-␥ during acute T. cruzi infection. 
During acute infection by Trypanosoma cruzi, the causative agent of Chagas' disease, a hepatic affection has been demonstrated both in human patients (7, 53) and experimental animals (4, 9, 47), i.e., hepatomegaly, one of the clinical features mentioned by Carlos Chagas in the original description of the illness that bears his name (12) . A priori, macrophages, Kupffer cells, and hepatocytes (41) can be colonized by T. cruzi parasites. Moreover, because it contains cells from the mononuclear phagocytic system, the liver plays a major role in the clearance of blood trypomastigotes, a function that gains special relevance after the generation of specific antibodies (51) .
A preliminary histological study by our research group of the livers of acutely infected mice revealed the presence of inflammatory infiltration, but amastigote nests were rare, a surprising result since these animals had high levels of parasitemia. The paucity of liver T. cruzi organisms could be due to an efficient control of the parasite by the local immune system. This is an attractive hypothesis, considering that the liver is a peculiar organ, which guarantees both an effective first line of protection against pathogens (52) and a tolerogenic response to gutderived antigens that come through the portal vein (64) .
Many different cell types and soluble molecules have been shown to participate in the systemic control of T. cruzi parasites. Mice lacking B cells or helper or cytotoxic T cells (46, 57, 60) and mice deficient in gamma interferon (IFN-␥), interleukin-12 (IL-12), tumor necrosis factor ␣, or granulocyte-macrophage colony-stimulating factor are highly susceptible to infection (2, 33, 42, 59) . The major protective role of IFN-␥ suggests that parasite control is dependent on the TH1 pathway of immune response. IFN-␥ not only activates macrophages to destroy ingested parasites (63) but also recruits mononuclear cells through chemokine production, induces immunoglobulin isotype switch to cytophilic and complement-fixing immunoglobulin G2a antibodies (54) , and upregulates the expression of high-affinity Fc receptors (Fc␥RI) on macrophages, which increase parasite clearance (61) .
Natural killer (NK) cells also seem to play a protective role at the early stages of infection (48) . The role of NK T cells is, nevertheless, controversial, since opposite conclusions can be taken from reports that evaluated the course of T. cruzi infection in CD1d knockout (CD1dKO) and J␣281KO mice, two strains known to be deficient in the NK T cell population (18, 19, 38, 44) . These discrepancies could be attributed to the source of T. cruzi used in these studies or to the differences between the two KO strains, inasmuch as besides classic NK T cells, which express the invariant T-cell receptor ([TCR] J␣281), CD1dKO mice lack nonclassic NK T cells that use other TCRs (18) .
The phenotypic and functional characterization of the different lymphocyte populations infiltrating the liver during the acute T. cruzi infection has not been thoroughly investigated.
This analysis could be of great value to unravel the elements involved in the local control of the parasite. Besides that, it will permit evaluation from the beginning of the infection of the anti-T. cruzi effector mechanisms in a nonlymphoid tissue, a perspective ignored by most of ex vivo analyses that focus either the blood or the secondary lymphoid organs. Moreover, as the liver is an organ that selectively recruits NK and NK T cells (17) , this study could contribute to elucidating the role of these cell populations in the immune response to the parasite.
In this paper, we have approached the phenotypic characterization of IFN-␥-producing cells in the liver in acutely infected mice. In order not to draw conclusions that may reflect the peculiarities of a particular mouse strain, this study was carried out with four different mouse strains that are known to differ in their susceptibility to T. cruzi.
MATERIALS AND METHODS
Mice. Six to eight-week-old C57BL/6, BALB/c, A/J, C3H/HePAS (lipopolysaccharide-responsive) (55), C57BL/6 IFN-␥-⌲⌷ (16), C57BL/6 CD4KO, and C57BL/6 CD8KO female mice were bred under specific pathogen-free conditions at the Isogenic Mice Facility, Instituto de Ciências Biomédicas, Universidade de São Paulo, Brazil.
Parasites and infection. T. cruzi from the Y strain was maintained by weekly passages in A/J mice. Mice were infected with 1,000 trypomastigote blood forms. Parasitemia levels were determined by microscopic examination of 5-l blood samples obtained from the tail vein.
Isolation of intrahepatic leukocytes. Intrahepatic leukocytes were isolated as previously described (15) . Briefly, after perfusion with phosphate-buffered saline, the liver was removed, and a cellular suspension was prepared, treated with collagenase 0.2% (Invitrogen, Carlsbad, CA), washed, admixed with 40% metrizamide (Sigma, St. Louis, MO) solution in phosphate-buffered saline, and gently overlaid with RPMI 1640 medium supplemented with penicillin (100 U/ml), streptomycin (100 g/ml), 2-mercaptoethanol (50 M), L-glutamine (2 mM), sodium pyruvate (1 mM), and 1% heat-inactivated fetal calf serum. Culture medium and supplements were purchased from Invitrogen. After centrifugation at 1,500 ϫ g and 4°C, leukocytes were harvested from the medium-metrizamide interphase.
Phenotypic characterization of intrahepatic leukocyte populations. The phenotype of intrahepatic leukocytes was determined using a three-color FACSCalibur cytometer (Becton-Dickinson, San Jose, CA), after cells were stained with fluorescein isothiocyanate-, phycoerythrin-, Cy-Chrome-, or biotin-conjugated monoclonal antibodies (MAbs) to CD4 (clone H129.19), CD8 (clone 53-6.7), B220 (clone RA3-6B2), CD3 (clone 145-2C11), TCR␣␤ (clone H57-597), TCR␥␦ (clone GL3), V␤8.1 and 8.2 (clone F23.1), CD11b (Mac-1; clone M1/70), CD11c (clone HL-3), Ly6G (clone RB6-8C5), NK1.1 (clone PK136), and PanNK (clone DX5) purchased from PharMingen (San Diego, CA). When biotin-conjugated MAbs were used, fluorochrome-labeled streptavidin (PharMingen) was added as a second-step reagent. The number of each cell population per liver was determined by multiplying its respective frequency among liver leukocytes by the total number of leukocytes per liver estimated in a Neubauer chamber.
Intracellular detection of IFN-␥. Intrahepatic leukocytes were cultured overnight with Golgistop at 37°C in a 5% CO 2 atmosphere, according to the manufacturer's instructions, in the presence or absence of plate-bound anti-CD3 (10 g/ml; clone 145-2C11) and soluble anti-CD28 (2 g/ml; clone 37.51) MAbs. After being washed, cells were surface stained with fluorescein isothiocyanate-or Cy-Chromeconjugated MAbs to CD4, CD8, NK1.1, and TCR␥␦. Cells were then fixed with the Cytofix/Cytoperm buffer and incubated with phycoerythrin-labeled MAb to IFN-␥ (XMG-1.2) diluted in Perm/Wash buffer. The analysis was done in a FACSCalibur cytometer. All reagents were purchased from PharMingen.
Histopathological analysis. Liver and heart tissue specimens were collected and fixed in paraformaldehyde (Merck, La Jolla, CA) for further processing. Paraffin-embedded tissue sections were stained with hematoxylin-eosin and analyzed by optical microscopy. The hepatic inflammatory infiltrates were photographed using an image analysis system (Image Pro Plus Media Cybernetics, Silver Spring, Md.).
Statistics. Statistical analysis was performed by analysis of variance and Tukey's multiple comparison tests, using GraphPad PRISM 4 software. Differences between two groups were considered significant at P values of Ͻ0.05.
RESULTS
T. cruzi parasitism in the liver of acutely infected mice of different strains. To evaluate whether the paucity of T. cruzi cells in the liver is a general phenomenon, mice of four different isogenic strains were infected with 1,000 blood forms of the Y strain, a virulent and reticulotropic parasite isolate (1) . According to parasitemia curves and survival indexes (Fig. 1 ), C57BL/6 mice displayed a resistant phenotype, with a low first parasitemia peak, a negligible second peak, and absence of mortality. A/J and C3H/HePAS mice were highly susceptible, with 100% of the animals dying during an abrupt second parasitemia peak. BALB/c mice exhibited an intermediate phenotype, with a low second parasitemia peak and increased survival time in relation to A/J and C3H/HePAS mice.
Analysis of liver sections up to days 14 to 16 postinfection (p.i.) revealed the presence of cell infiltrates, which was more pronounced in C57BL/6 ( Fig. 2A) and BALB/c mice than in C3H/HePAS and A/J mice (data not shown). Liver lesions consisted of focal infiltrates all over the hepatic lobules. Because of their intrasinusoid location and the presence of hyaline secretion, cell aggregates often had a pseudo-granuloma appearance (Fig. 2C) . Mononuclear cells, a few neutrophils, and, rarely, eosinophils constitute these focal infiltrates. Liver inflammation was discrete at day 7 (focal infiltrates occupied less than 2% of the hepatic tissue), but it increased by days 12 In spite of this intense inflammatory scenario and of the presence of blood parasites, we were unable to visualize liver T. cruzi nests in most of these mice, though at least six nonconsecutive slides were carefully screened. Moreover, the few amastigote nests showed signs of degeneration. These results were in sharp contrast to those of the heart, where T. cruzi nests were found in the myocardium of all mice of the four strains, in most cases without surrounding infiltrates or degenerative signs (data not shown). Taken together, these results indicate that the difficulty in visualizing T. cruzi parasites in the liver during acute infection is a general phenomenon that occurs in mice with different levels of parasitemia.
Contribution of IFN-␥ and CD4
؉ and CD8 ؉ T cells for liver protection against T. cruzi. The scarcity of T. cruzi nests found in the livers of acutely infected mice could be due to low invasion of hepatic cells and/or to efficient control of the parasite by local immunity. To evaluate the latter possibility, we did a histopathological analysis of the livers of infected mice lacking IFN-␥, a key mediator of the anti-T. cruzi immune response (24, 59) . At day 10 p.i., liver sections of IFN-␥-KO mice revealed the presence of parasite nests, as well as extracellular amastigotes scattered among the inflamed tissue, a picture that dramatically increased by day 12 p.i. (Fig. 2E and To evaluate the contribution of CD4 ϩ and CD8 ϩ T cells for liver protection against T. cruzi, we then analyzed the parasitemia and the hepatic lesions in acutely infected CD4KO and CD8KO mice. Liver inflammation in these mice was notably less intense than in infected IFN-␥-KO mice but slightly higher than in infected C57BL/6 mice, with maximum values attained from days 13 to 20 p.i. (data not shown). Unlike results in IFN-␥-KO mice, parasites were not detected in liver sections of CD4KO and CD8KO mice until day 13 of infection (Table 1) . At day 13 p.i., 9 to 12 amastigote nests were found per liver slide of these mice, which contrasted with both the scarcity of parasites detected in C57BL/6 mice and the massive T. cruzi replication observed in IFN-␥-KO mice. Interestingly, by day 16 p.i., the number of amastigote nests in the livers of CD4KO and CD8KO mice declined to 0.3 Ϯ 0.5 (mean Ϯ standard deviation [SD]) and 1.2 Ϯ 2.1, respectively, and remained at this low level up to day 20 p.i. The apparent control of liver parasites in CD4KO or CD8KO mice at the late acute phase contrasted with their parasitemia curves, which, although not different from those of C57BL/6 mice up to day 13 p.i., steadily increased from this time point until the death of mice around day 20 p.i. (data not shown). Moreover, in infected CD4KO and CD8KO mice, the evolution of tissue parasitism in the liver differed from that observed in the heart, where the number of amastigote nests persisted at similarly high levels from days 13 to 20 p.i. (data not shown). From these experiments, we concluded that neither CD4 ϩ T cells nor CD8 ϩ T cells are essential for liver protection against T. cruzi, even though the presence of both T cell populations ensures an earlier parasite control.
Analysis of leukocyte populations in the liver of acutely infected mice. To analyze the leukocyte populations involved in liver protection against T. cruzi, we have characterized by flow cytometry the infiltrating cells of perfused livers at days 7 and 14 of infection. In C57BL/6, C3H/HePAS, BALB/c and A/J mice, the numbers of cells isolated from the liver progressively increased in parallel with acute infection (data not shown). Moreover, confirming the histological analysis, acutely infected C57BL/6 mice showed higher numbers of infiltrating cells, followed by BALB/c mice, compared with the other mouse strains.
The overall picture of lymphocyte subsets was similar in the four mouse strains and consisted of an early increase in NK (PanNK ϩ CD3 Ϫ ) cells and a late increase in T and B cells (Fig. 3) . At day 7 p.i., PanNK ϩ CD3 Ϫ cells predominated among liver lymphocytes in the four mouse strains, with total numbers reaching three to eight times those of noninfected controls (Fig. 3A) . In infected C3H/HePAS and BALB/c mice, PanNK ϩ CD3 Ϫ cells attained remarkable frequencies of up to 30% of liver leukocytes. PanNK ϩ CD3 Ϫ cells were already increased at day 4 p.i, with their frequency among liver leukocytes, but not their total numbers per liver, even higher than at day 7 p.i. (data not shown). At day 14 p.i., total num- (Fig. 3A) , but their percentages decreased due to a sharp increase in T-and B-cell populations (Fig. 3C to F (10) . In Fig. 3A , NK cells were characterized by the absence of CD3 and the presence of VLA-2 ␣ chain (CD49b, recognized by PanNK MAb), a ␤1 integrin mostly expressed by NK and NK T cells (6) . To confirm that PanNK ϩ CD3 Ϫ cells were indeed NK cells, CD3 Ϫ cells were analyzed for the concomitant expression of PanNK and NK1.1. This study was done in C57BL/6 mice once the NK1.1 epitope detected by PK136 MAb was restricted to this strain. As shown in Fig. 4A , at days 7 and 14 p.i., 79% and 76% of PanNK ϩ CD3 Ϫ cells, respectively, coexpressed NK1.1, confirming that this population is mainly composed by NK cells. In the CD3
Ϫ population, we also observed small percentages of NK1.1 ϩ PanNK Ϫ and NK1.1 Ϫ PanNK ϩ cells. Most importantly, after T. cruzi infection, a large fraction of liver NK cells spontaneously produced IFN-␥, a phenomenon that attained its maximum at day 7 p.i. In Fig. 4B , we show the data from a representative experiment in which 6.9% Ϯ 1.5% of NK cells from C57BL/6 mice at day 7 p.i. produced IFN-␥. Indeed, at this time of infection, NK cells comprised around 90% of all IFN-␥-producing cells in the liver. Considering the total numbers of IFN-␥-producing NK cells, an 8-to 58-fold increase was observed at day 7 p.i. in relation to noninfected controls, although A/J mice presented significantly lower numbers compared to the other mouse strains (P Ͻ 0.01) (Fig. 4C) . From these results, we concluded that NK cells are an early source of IFN-␥ in the livers of T. cruzi-infected mice. The notable accumulation of PanNK ϩ CD3 Ϫ large cells in the four mouse strains (Fig. 4D) confirmed that activation/proliferation of NK cells is a general phenomenon in a liver response to T. cruzi parasites.
Characterization of NK T cells in the liver of acutely infected mice. NK T cells are involved in liver protection against infections by diverse intracellular parasites (3, 21) . To investigate the participation of this subset in a liver response to T. cruzi, we analyzed the CD3 ϩ cell population according to the expression of NK cell markers. At first, we noticed that a (Fig. 5A ), these cells seemed to be activated and proliferating since 50 to 60% of them were large compared to 20% in noninfected controls (Fig. 5B) . Moreover, 1 week later, a drastic increase in three subsets was observed in the four mouse strains (Fig. 5A) . At that time, no major difference was observed among the strains in terms of PanNK ϩ CD4 ϩ and PanNK ϩ CD8 ϩ cells. For PanNK ϩ CD3 ϩ CD4 Ϫ CD8 Ϫ cells, however, infected C3H/ HePAS and BALB/c mice presented the highest cell numbers per liver (P Ͻ 0.05), resulting in a 12-and 30-fold expansion in relation to noninfected controls, respectively.
Analysis of the concomitant expression of CD3, PanNK, and NK1.1 by liver lymphocytes of C57BL/6 mice revealed that nearly half of the PanNK ϩ CD3 ϩ cell population in noninfected mice was positive for NK1.1. Unexpectedly, however, less than 10% of PanNK ϩ CD3 ϩ cells expressed NK1.1 at day 14 p.i. (Fig. 5C) 4 cells at day 14 p.i.). To rule out the possibility that an increase in NK T cells occurred earlier than day 7 p.i., additional experiments were carried out in C57BL/6 mice at day 4 p.i. These studies (data not shown) confirmed that the PanNK ϩ NK1.1 ϩ CD3 ϩ cell population was not expanded in the livers of acutely infected mice, even though a huge fraction of infiltrating lymphocytes expressed the PanNK cell marker.
Analysis of IFN-␥ production by liver NK T cells of infected C57BL/6 mice revealed that 6.7% Ϯ 2.9% and 3.9% Ϯ 1.4% of CD3 ϩ NK1.1 ϩ cells produced IFN-␥ at days 7 and 14 p.i., respectively, frequencies not significantly different from those found in controls (4.1% Ϯ 1.9%). In terms of the total number of IFN-␥-producing cells, the contribution of NK-T cells at day 7 p.i. was approximately one-seventh of that of NK cells.
As deduced from data shown in Fig. 3 and 5, at day 14 p.i., around 30 to 60% of both CD4 ϩ and CD8 ϩ cells in the different mouse strains expressed PanNK, but the great majority was negative for NK1.1. To investigate the possibility that CD4
ϩ PanNK ϩ and CD8 ϩ PanNK ϩ cells were NK T cells that had lost NK1.1 expression following activation (43), we analyzed V␤8 usage by these populations. This analysis was done because classic NK T cells preferentially use the V␤8 segment of the TCR ␤ chain together with an invariant ␣ chain (32 adopted a tissue migratory phenotype. To investigate further in this direction, we evaluated two ␤2 integrins, CD11c found in dendritic cells and other cell types and CD11b expressed in PMN cells, macrophages, NK cells, and migration-prone T cells (34) . At day 14 p.i., while the percentage of CD4 ϩ cells expressing CD11c was similar to that of controls (from 10.7% Ϯ 2.1% to 10.3% Ϯ 1.7%), a huge increase in the percentage of CD11c ϩ cells was found among CD8 ϩ cells (from 16.8% Ϯ 0.1% to 79.2% Ϯ 2.9%) (Fig. 6B) 
Characterization of ␥␦ T cells in the liver of acutely infected mice. Besides NK T cells, lymphocytes bearing TCR␥␦ (␥␦ T cells) frequently display a CD4
Ϫ CD8 Ϫ phenotype. ␥␦ T cells can be found in very different locations, including the liver, where they can be involved in the protective response against infections (23) . As liver CD3 ϩ CD4 Ϫ CD8 Ϫ cells showed the most striking increase during acute T. cruzi infection (Fig. 3) , we evaluated the expression of TCR␥␦ within the CD3 ϩ cell population. As shown in Fig. 7A, 10% of CD3 ϩ cells in the livers of noninfected C57BL/6 mice were positive for TCR␥␦, a percentage that increased to 25% at day 14 of infection. Interestingly, 83.0% Ϯ 1.9% of the TCR␥␦ ϩ cells in acutely infected C57BL/6 mice showed a double-negative phenotype. The increase in TCR␥␦ ϩ cells was a general feature of a liver response to T. cruzi. Thus, at day 14 p.i., considering the different mouse strains, a 40-to 100-fold increase in the total number of ␥␦ T cells per liver was observed in relation to noninfected controls (Fig. 7C) . As for other lymphocyte populations, TCR␥␦ ϩ cells seemed to be activated and proliferating, since 20 to 25% of them were large compared to 5 to 8% in noninfected controls (data not shown). On the other hand, it is worth noticing that, in acutely infected C57BL/6 mice, 71.2% ؎ 6.2% of TCR␥␦ ϩ cells were positive for PanNK and 22.3% Ϯ 4.1% of them coexpressed NK1.1 (Fig. 7B) . These results suggest that ␥␦ T cells bearing NK cell markers participate in a liver response against T. cruzi during the acute phase of the disease.
IFN-␥ production by CD4
؉ , CD8 ؉ , and TCR␥␦ ؉ CD4 ؊ CD8 ؊ liver cells of acutely infected mice. During T. cruzi infection, both NK and T cells from the spleen and blood have been shown to produce IFN-␥ (25, 27, 62), a cytokine that plays a crucial role in defense against this parasite (24, 59) . To evaluate the contribution of the different T cell subsets for IFN-␥ production in the livers of acutely infected mice, the production of this cytokine was examined by intracellular staining in C57BL/6 and C3H/HePAS mice that are opposite strains in terms of disease susceptibility.
Spontaneous IFN-␥ production by liver CD4 ϩ and CD8 ϩ T cells of both mouse strains was dramatically increased at day 14 p.i, with percentages of 37.8% Ϯ 0.3% and 32.8% Ϯ 2.5% for CD4 ϩ cells and of 19.1% Ϯ 2.5% and 29.0% Ϯ 3.4% for CD8 ϩ cells (Fig. 8) . A small increase in IFN-␥ production was already observed at day 7 p.i., with frequencies around 8% for both CD4 ϩ and CD8 ϩ cells (data not shown). At day 14 p.i., liver CD4
Ϫ CD8 Ϫ TCR␥␦ ϩ cells spontaneously producing IFN-␥ were also enhanced in acutely infected C57BL/6 and C3H/HePAS mice, attaining percentages of 28.1% Ϯ 0.2% and 28.1% Ϯ 5.1%, respectively, while control values varied from 8.0% Ϯ 0.9% to 9.0% Ϯ 2.4% (Fig. 8) . Moreover, in terms of total cells per liver, the numbers of IFN-␥ producing CD4 ϩ , To estimate the potential capacity of liver lymphocytes to produce IFN-␥, cells stimulated overnight with plate-bound anti-CD3/anti-CD28 MAbs were also analyzed. Following stimulation, the great majority of liver CD4 ϩ , CD8 ϩ , and ␥␦ T liver cells from mice at day 14 p.i. became IFN-␥ producers (Fig. 8) , confirming their differentiation toward a TH1/TC1 phenotype. These data sharply contrasted with those of liver cells from noninfected mice that presented little IFN-␥ production after anti-CD3/anti-CD28 stimulation, suggesting that other T-cell phenotypes exist in controls. In conclusion, during acute T. cruzi infection, similar levels of IFN-␥ are produced by CD4 ϩ , CD8 ϩ , and CD4 Ϫ CD8 Ϫ TCR␥␦ ϩ T cells of resistant and susceptible mice.
DISCUSSION
In the present work, we have shown that the presence of inflammation associated with rare T. cruzi nests observed in the livers of acutely infected mice is a general phenomenon, occurring in C57BL/6, BALB/c, A/J, and C3H/HePAS mice, which differ in terms of systemic susceptibility to the parasite. This observation corroborates previous findings showing the existence of a hepatic inflammation (4, 7, 28, 53) with scarce presence of amastigote nests (26, 37, 58) in both chagasic patients and T. cruzi-infected mice. Interestingly, however, in our experiments, the lack of hepatic amastigote nests in more than half of the acutely infected mice should not be taken as an indication of the absence of T. cruzi, since, by using a sensitive amplification method (36), we were able to detect living parasites in perfused livers of mice of the four strains (data not shown).
The presence of low numbers of amastigote nests in the livers of resistant (C57BL/6), intermediate (BALB/c), and susceptible (C3H/HePAS and A/J) mice, in clear dissonance with parasitemia levels and heart parasitism, indicates that local factors may inhibit T. cruzi replication inside liver cells. IFN-␥ seems to play a major role in liver protection against T. cruzi since acutely infected IFN-␥-KO mice presented a high level of hepatic parasitism. The relevance of IFN-␥ for controlling hepatic parasitism was also indirectly suggested by our experiments in acutely infected CD4KO and CD8KO mice. Thus, the fact that both groups of deficient mice were able to restrain the parasite growth in the liver, but not systemically, supports the idea that the effector mechanism responsible for liver protection against T. cruzi is not peculiar to either CD4 ϩ T cells or CD8 ϩ T cells. IFN-␥-mediated mechanisms are an attractive possibility for this effector activity, since IFN-␥ can be produced by several lymphocyte populations infiltrating the liver, including CD4 ϩ and CD8 ϩ T cells. Activation of Kupffer cells or even hepatocytes (30) and recruitment of macrophages are examples of effector mechanisms mediated by IFN-␥ that could operate in local parasite control.
The precocious source of IFN-␥ in the livers of acutely infected mice seems to be NK cells, a concept supported by the finding that an IFN-␥-producing PanNK ϩ CD3 Ϫ cell population coexpressing NK1.1 in C57BL/6 mice drastically increases by day 7 of infection. The involvement of NK cells in the initial Ϫ cells (mostly ␥␦ T cells) were present in C57BL/6 mice. By producing huge amounts of IFN-␥, all three liver T-cell populations guarantee a strong and diverse source of IFN-␥ when its production by NK cells has already declined. Besides IFN-␥-producing NK and T cells, other leukocyte populations were increased in the livers of acutely infected mice. Thus, macrophages and PMN cells were present in the four mouse strains from day 7 onward. These cells might contribute to T. cruzi control through phagocytosis of extracellular parasites. B cells were observed at day 14 p.i. in the livers of infected mice except in those of the C3H/HePAS strain, which also showed reduced B cell numbers in the spleen. This is an interesting matter that deserves further investigation, inasmuch as similar anti-parasite antibody titers were found in T. cruzi-infected C3H/He and C57BL/6 mice (45 (22) , a liver population increased during Plasmodium yoelii infection (35) . However, our study suggests that during acute T. cruzi infection, most liver PanNK ϩ CD3 ϩ cells are not NK T cells, considering that in infected C57BL/6 mice very few of them coexpress NK1.1, a more reliable NK T cell marker than PanNK, which is shared by a fraction of conventional T cells with effector functions (29, 56 ). This conclusion is reinforced by the fact that PanNK ϩ CD4 ϩ and PanNK ϩ CD8 ϩ cells, which express the TCR␣␤, do not show a preferential usage of V␤8, a TCR chain frequently used by classic NK T cells (32) . Furthermore, follow-up of NK1.1 ϩ CD3 ϩ cells in acutely infected C57BL/6 mice revealed a progressive decrease in their frequencies among liver lymphocytes. A persistent reduction in the percentage of this cell population was also observed by Duthie et al. (19) in C57BL/6 mice infected with T. cruzi of the CL strain. These findings, however, do not rule out the participation of NK T cells in the acute liver response to T. cruzi, since the low production of IFN-␥ by this population could be important for activating NK cells (31) and/or for T-cell polarization. Thus, in relation to the role of classic NK T cells in protection against acute T. cruzi infection (18, 19, 38, 44) , our data indicate that this population does not show major expansions in the liver, nor does it directly contribute to protection with a strong IFN-␥ production.
␥␦ T cells can be found in different tissues, where they are involved in innate immune responses, operating through recognition of pathogen-derived molecules (14) or of autologous proteins overexpressed as a consequence of infection, cell disregulation, or tumor transformation (13) . In contrast to classic NK T cells, liver ␥␦ T cells expressing a CD4
Ϫ CD8 Ϫ phenotype showed the most notable increase during acute T. cruzi infection. Except for C57BL/6 mice, this cell population attained values of the same magnitude or even higher than those of CD4 ϩ and CD8 ϩ T cells. In addition, a large fraction of ␥␦ T cells in acutely infected C57BL/6 mice coexpressed PanNK and NK1.1, which could indicate the presence of a recently defined rare population of nonclassic NK T cells (22) . Indeed, the most remarkable observation was that ␥␦ T cells spontaneously produce IFN-␥, a fact compatible with a proinflammatory protective effect against T. cruzi. This observation extends previous studies showing that, at the beginning of infection by different viruses and bacteria, ␥␦ T cells are frequently proinflammatory but, later on, when parasite proliferation is under control, they mediate regulatory functions (11) . The fact that T. cruzi infection in ␥␦ T-cell-deficient mice results in milder inflammatory heart lesions and lower mortality compared to control mice (50) reinforces the proinflammatory role of this population.
The present study suggests that a broad array of lymphocyte populations, such as NK, ␥␦ T, CD4
ϩ T, and CD8 ϩ T cells, may provide the IFN-␥ required for liver protection against acute T. cruzi infection. Moreover, a clear polarization to the type 1 functional profile is observed in T cells that infiltrate the liver of acutely infected mice, as evidenced by the boost in IFN-␥ production upon in vitro restimulation with anti-CD3/ anti-CD28 antibodies. Remarkably, IFN-␥ production by liver CD4 ϩ , CD8 ϩ , and ␥␦ T cells was found to attain similar levels in C57BL/6 and C3H/HePAS mice, two strains that show opposite behavior in terms of the ability to control the systemic proliferation of the parasite. This observation is of great relevance because it could explain why amastigote nests are rarely found in the livers of both resistant and susceptible mice. Considering the crucial role of IFN-␥ in protection against T. cruzi infection, the fact that different liver populations respond to acute infection by secreting large amounts of IFN-␥ could be very important to ensure the destruction of intrahepatic parasites, transforming the liver at a site where the effector arm of the immune response operates with great efficiency.
